Effect of annealing on structure and mechanical behavior of an AA2139 alloy by Tagirov, D. et al.
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/271979050
Effect	of	Annealing	on	Structure	and
Mechanical	Behavior	of	an	AA2139	Alloy
Article		in		Materials	Science	Forum	·	May	2014
DOI:	10.4028/www.scientific.net/MSF.783-786.258
CITATIONS
2
READS
21
4	authors,	including:
Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:
Most	of	our	researchers	are	concentrating	on	Dynamic	Transformation.	We	are	now	looking	into	the
behavior	of	Ti	alloys.	View	project
Development	of	high-Mn	austenitic	steels	with	improved	fatigue	properties	View	project
Daria	Zhemchuzhnikova
Belgorod	State	University
19	PUBLICATIONS			54	CITATIONS			
SEE	PROFILE
Marat	Gazizov
Belgorod	State	University
22	PUBLICATIONS			69	CITATIONS			
SEE	PROFILE
Rustam	Kaibyshev
Belgorod	State	University
417	PUBLICATIONS			4,367	CITATIONS			
SEE	PROFILE
All	content	following	this	page	was	uploaded	by	Rustam	Kaibyshev	on	31	March	2016.
The	user	has	requested	enhancement	of	the	downloaded	file.	All	in-text	references	underlined	in	blue	are	added	to	the	original	document
and	are	linked	to	publications	on	ResearchGate,	letting	you	access	and	read	them	immediately.
Effect of Annealing on Structure and Mechanical behavior of an AA2139 
Alloy 
Damir Tagirov1, Daria Zhemchuzhnikova2, Marat Gazizov3,                          
Rustam Kaibyshev4 
Belgorod State University, Pobeda 85, Belgorod 308015, Russia 
1 tagirov@bsu.edu.ru, 2 zhemchuzhnikova@bsu.edu.ru,3 gazizov@bsu.edu.ru, 
4rustam_kaibyshev@bsu.edu.ru
 
 
Keywords: aluminum alloy, precipitation, high temperature deformation, mechanical properties, 
microstructure, fracture  
Abstract. An AA2139 alloy with a chemical composition of Al–4.35Cu-0.46%Mg–0.63Ag-
0.36Mn–0.12Ti (in wt.%) and an initial grain size of about 155 μm was subjected to annealing at 
430°C for 3 h followed by furnace cooling. This treatment resulted in the formation of a dispersion 
of coarse particles having essentially plate-like shape. The over-aged alloy exhibits lower flow 
stress and high ductility in comparison with initial material in the temperature interval 20-450°C. 
Examination of microstructural evolution during high-temperature deformation showed localization 
of plastic flow in vicinity of coarse particles. Over-aging leads to transition from ductile-brittle 
fracture to ductile and very homogeneous ductile fracture at room temperature.   
Introduction 
Currently, there is a considerable interest in developing technologies for the manufacturing of 
critical components from novel Al–Cu–Mg–Ag alloys in aviation industry. These alloys exhibit 
excellent mechanical properties including high strength, superior creep resistance and fracture 
toughness, fatigue life due to the formation of the ﬁne and uniform dispersion of the -phase with 
plate-like shape on the {111}α planes of the aluminum matrix [1,2]. Numerous works were dealt 
with examination of the precipitation behavior and mechanical properties of these alloys [2-5]. 
However, the effect of precipitates produced by over-aging on workability of these alloys was 
considered in very limited number of studies [6] despite its importance for cold rolling and forging, 
where metal can be shaped through plastic deformation without introducing any defect. 
Optimization of a dispersion of secondary phase by over-aging may significantly enhance 
workability of high strength aluminum alloys [7]. In addition, the deformation conditions have great 
effects on the mechanical properties of Al–Cu–Mg–Ag alloys [3,8]. The aim of this paper is to 
report the effect of over-aging on the mechanical behavior and microstructural evolution of an Al–
Cu–Mg–Ag alloy during tensile test at temperatures ranging from 20 to 450°C. 
Experimental Procedure 
The AA2139 alloy (Al–4.35Cu-0.46%Mg–0.63Ag-0.36Mn–0.12Ti (in wt.%) was examined. This 
alloy was produced by semi-continuous casting followed by homogenization annealing at 510°C for 
24 hours. This material will denote as initial or as-cast alloy. Rods with dimensions of 20 mm × 20 
mm × 100 mm were machined from the central part of ingot. These machined rods were subjected 
to pressing at 400°C up to a total strain of ~ 2. Next, the AA2139 alloy was solution treated at 
510°C for 1h and subsequently water quenched. Over-aging was carried out at 430°C for 3h. This 
alloy is denoted as over-aged one. 
Tensile tests were carried out using an Instron 5882 testing machine in the temperature interval 
20-450°C at strain rates ranging from 2.8×10-4 to 2.8×10-1 s-1. The each sample was held at the 
testing temperature for about 10 min in order to reach thermal equilibrium. The values of the strain 
rate sensitivity (m) were determined by strain-rate-jump tests [9]. 
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The details of sample preparation for structural characterization by transmission electron 
microscopy (TEM), scanning electron microscopy (SEM) and phase analysis, techniques used for 
estimation of the volume fraction of the secondary phase particles, the average dislocation density 
were described in previous works [6] in details. TEM studies were performed on fractured samples 
which were at an initial strain rate of 5.6×10−3 s−1 at different temperatures. 
Results and Discussion 
Microstructures before and after over-aging. Typical TEM images of the AA2139 alloy are 
shown in Fig. 1. The as-cast alloy contains fine globular and rod-shaped dispersoids, which 
relatively uniformly distributed within grains. The average particles sizes are ~ 360 and ~ 100 nm in 
longitudinal and transverse directions, respectively, they volume fraction and average inter-particle 
spacing are ∼ 5% and ∼ 0.7 μm, respectively (Fig. 1a). Annealing at 430°C led to coarsening initial 
particles by a factor of about 1.5 to the dimensions of ~ 550 and ~ 150 nm, respectively (Fig. 1b). 
The volume fraction of particles after over-aging slightly increases to ~ 7%. The inter-particle 
spacing increases to 1.1 μm (Fig. 1b). These particles retain within aluminium matrix. 
 
 
 
Fig. 1. Microstructures of the AA2139 alloy: (a) as-cast and (b) over-aged states. 
 
 
Mechanical behavior. The typical engineering stress vs. strain curves for the AA2139 alloy 
before and after over-aging are shown in Figure 2 at an initial strain rate of 5.6×10-3 s-1 in the 
temperature interval 20-450°C. It is seen that over-aging increases elongation-to-failure to 30% in 
the temperature interval 20-200
o
C as compared with the as-cast alloy, while at higher temperatures 
the ductilities of the AA2139 alloy in the two conditions are nearly the same. Moreover, over-aging 
decreases flow stress significantly. Shape of the - curves is essentially the same for both 
conditions. A significant initial strain hardening occurs in the temperature interval 20-200°C. Over-
aging decreases the strain hardening coefficient and increases peak strain. At ambient temperature, 
the initial alloy fractures at the stress peak, while in the over-aged alloy after reaching a maximum 
stress, the flow stress continuously decreases until fracture (Fig. 2). Peak strain decreases with 
increasing temperature. The over-aged AA2139 alloy shows a weak evidence for jerky flow that is 
attributed to dynamic strain aging (DSA) [10]. 
In the temperature interval 300-450
o
C a peak stress is attained after a very short transient stage 
of plastic deformation (Fig. 2). Flow stress continuously decreases until fracture (Fig. 2). In the 
temperature interval 400-450°C, an apparent steady-state flow could be distinguished before 
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fracturing (Fig. 2) and the samples exhibit high ductilities (~120-140%). At 450
o
C, flow stresses of 
the both states of the AA2139 alloy become nearly the same. 
 
 
 
Fig. 2. Effect of temperature on the stress- strain curves for the AA2139 in initial and over-aged 
conditions. 
 
 
Effect of strain rate on the - curves and variations of the coefficient of strain rate sensitivity, 
m, with strain rate are shown in Fig.3 for strain rates ranging from ~10
-4
 to ~10
-1
 s
-1
 in the 
temperature interval 400-450°C for the over-aged alloy. The main feature of high-temperature 
mechanical behavior is extensive strain softening after peak that can lead to plastic instability and 
low ductilities. Low value of m could not prevent extensive necking [9]. However, softening is 
apparent. Re-plotting tension curves to true stress – true strain form revealed that there is steady 
state flow at these conditions (Fig.3). Therefore, a relatively high ductility of 120% was achieved 
due to combination of steady-state flow with low m values (Fig.3). Increasing strain rate or 
decreasing temperature result in increased the peak stress (Fig. 3a,b). Temperature and strain rates 
affect insignificantly the elongation-to-failure (Fig.3a,b). The highest m values of ~0.16 and ~0.17 
for the 400°C and 450°C are observed at strain rate of ~3.3×10-3 and ~×10-3 s-1, respectively (Fig. 
3c). 
At ambient temperature, tension induced a high density of lattice dislocations (ρ ~ 3×1014 m-2) 
(Fig.4a). The accumulation of lattice dislocation occurs in vicinity of coarse plates which play a role 
of obstacles for dislocation glide (Fig. 4a). Increasing temperature leads to a significant reduction in 
the dislocation density (ρ ~ 1014 m-2), most of dislocation arrange to subgrains (Fig. 4b). 
Fractography. Fractographs of the fractured specimens tensioned at 20°C are shown in Fig. 5. 
At room temperature, the as-cast alloy exhibits brittle-ductile fracture; deep, coarse dimples with 
conical shape alternate with very fine shallow dimples and cleavage zones (Fig.5a) The fracture 
surfaces of the initial alloy is inhomogeneous, the numerous brittle cracking are visible at the 
bottom of large dimples (Fig. 5a). However, ductile transgranular fracture is in dominant (Fig. 5a). 
[12]. The fracture is initiated by the separation of secondary phase particles, which are typically 
present at the bottom of dimples that leads to the appearance of deep dimples (Fig. 5b). The 
nucleation sites are few and widely spaced. No significant microvoid coalescence takes place. 
Propagation of cracks originated from these deep dimples requires considerable plastic deformation 
(Fig.5b).  
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 Fig. 3. Effect of strain rate on the stress-strain curves (a,b) and the coefﬁcient of strain rate 
sensitivity, m, (c) for the annealed AA2139 alloy . 
 
 
 
Fig. 4. Microstructure of the annealed AA2139 alloy deformed at (a) room temperature and (b) 
450
o
C.  =5.6×10−3 s−1. 
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The over-aged alloy demonstrates the uniform fracture surfaces (Fig,5a’,b’); ductile 
transgranular fracture occurs takes place. The observation of numerous small deep dimples is 
indicative for activation of a number of nucleating sites. As shown in Fig. 5b’, the particles of 
secondary phases are also observed on the bottom of these dimples. Therefore, coarsening and 
increasing the volume fraction of particles due to over-aging led to the formation of many 
nucleation sites of the microvoids. Their growth to large sizes before coalescing is hindered. 
 
 
 
Fig. 5. SEM of the tensile fracture surface of the AA2139 alloy: (a, b) as-cast state (a’, b’) over-
aged state. T=20°C. 
 
Thus, over-aging of the AA2139 alloy decreases significantly flow stress and provides ductile 
fracture at room temperature despite the fact the secondary phases retain plate-like shape and their 
dimensions are less than 1 m. Workability of over-aged AA2139 alloy is sufficient for cold rolling 
of thin sheets and the forming of structural components with complicated shape at 400oC.  
Summary 
Over-aging of the AA2139 alloy at 430°C for 3 h led to coarsening initial particles by a factor of 
about 1.5, that improves ductility to 30% and provides -40% decrease in the peak stress over the 
entire temperature interval 20-450
o
C. It was shown, that highest tensile elongations of ~120% the 
alloy exhibits in the temperature interval 400-450
o
C and the strain rate affect insignificantly the 
elongation-to-failure. Examination of microstructural evolution during tensile deformation showed 
extensive increase in dislocation density and localization of plastic flow in vicinity of coarse 
particles. 
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